Test of the Infrared Wide-Field Camera OMEGA2000 and its Application for an Extragalactic Survey by Kovács, Zoltán
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Preamplifier
−2.5 − 2.5 V−0.5 − 0.5 V
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(~0.02mm)
Silicon Readout, MUX with BCS (~1.45mm)
HgCdTe IR Detector Layer 
Indium Bump interconnects
IR Photons
Sapphire detector substrate (~0.38mm)
+@Ft)(+& 
, ﬀﬁ "Fﬃ="	
!# :,5= $2? ﬁ4?0.0uﬃcd_N 9%9#=%>$,h	 #u(A@HN`_`_Oye-(
 
 
    >   	  :        ﬁ       yJ
∼ 10 µ  	
ﬀ".$-5ﬀﬁ	Fﬁ
	
:; #7 <; A='ﬀ"ﬀ 	'	
ﬀﬁ4  E	(
 5s
	E	9ﬁ4%	
ﬀﬁ)	
ﬀﬁ
1#2ﬁ "ﬀ!" #2 	 $ "ﬃs	=  	
ﬀﬁ)	"	 
<ﬁ
	
ﬀﬁ-
#"Qﬃ#	
5#-DZ( 9U	
ﬀﬁ-"ﬀ5Q",# ='Q	 	56	
 	5s	
duJﬀJ2 teJA+ﬀ@Fﬀ
 "ﬀ!" # 5 ##='@ 	
@FﬀE	 	
ﬀﬁ
1# " 	"	46	!= f	D	!= >1 5!
	4" f" ﬁUﬀ@Fﬀ
 "ﬀ!" #'
	
46	!= v	
ﬀﬁ ='@ 	 	
ﬀﬁﬃZlkw 	ﬃ	
ﬀﬁ
1# -DZ5!ﬁ
 "E<1"E	(\ﬁf 2$
 "ﬀ!" #$&" 55# 	y"#75 	
ﬀﬁ>	!= y5!
	1Zﬁ"	
ﬀﬁ
1#"5#@ﬁA ='ﬀ"ﬀ 12$; 	
ﬀﬁ
	"		5s	
vZ 1"#	>	 " 	
#u( , ﬀﬁf"ﬀﬁ"f$U55ﬀv Q
ﬁ
	
	 12$;>	
ﬀ
5# #:;FA ﬁ" 		
ﬀﬁ
1#9-D,5!ﬁ
 ",<1" 	11	"ﬀﬁ	
ﬀ!	 $	
ﬀﬁ>
#" / 8 ﬂ(
 !#<h= ##u( , ﬀﬁf55#" 	
 $ﬁZc"#ﬁ0> 	ﬃ="ﬁ"	 ﬁ !".$k1ﬁ##@ 	
ﬀﬁ
ﬀE<E
N='	
ﬀ 56YDZ< $_	
ﬀﬁ%	
@ 	9	
ﬀﬁ 5# ( 'Z	
!##<;AC	
ﬀﬁ)? ﬁ430I0uﬃ
<-   	
  5)ﬃ @F
 "ﬀ5 " 

(	ﬁ ﬀ# 		5ﬁ5 :,>#"	

" "ﬁ"	
lA ## 	ﬁ5ﬁ
 ﬁv	"ﬁ"		
ﬀﬁ "ﬀ5Q" 

ﬃ	
ﬀﬁ
1##<y(4, ﬀﬁ ﬀE<E
Qﬁ)='"ﬀ 
	

ﬁ"	
 # ##=% 
5	
1#w
@F-$w	
ﬀﬁ ﬃ#	
5#-DZ'$ ? ﬁ4?0.0uﬃZAy='ﬀ"ﬀ- >
<1$ /

*,;, >='	"ﬀﬁS='	
ﬀ *,
5#T1!5!	 < 	
ﬀﬁ /

*,;, >='	"ﬀﬁ(S, ﬀa$,ﬁ $ "ﬀ	"	
Uﬀ! 1#+@F#=
Z
@	 56	
 6" ﬁ9	
ﬀﬁ:;#	@;"  6 #= -6#= * =ﬂ(C, ﬀﬁﬃ#	
5#-DZ%"E	ﬁ *,
5#T1! $. ##l	%"## $2	
ﬀﬁ 	"	 #7 <;]d&+@(W)(+*ye-(
, ﬀﬁ5TDZ# 
 < '
@ w9 >
ﬂ
/

*   "ﬀ	"	
FA ='ﬀ"ﬀ"ﬁ
	'$ $.%#"	

" ##<
ﬁ56ﬁ 	 !ZE	]dH5$ × H5$15TD#feU='	
ﬀ 	
ﬀﬁtH hO	
5	'56 E!Z 	]d&+@(W)( Rke-(E "ﬀ
E!Z 	%"E	ﬁ%4ﬀﬁ
w9 E	# ﬁ ):;
	
" #w
ﬀ $&	 @F
	 $. Z@U	
ﬀﬁ95TD#  	
ﬀﬁD
<y(
 
@ 	
ﬀﬁ 	"	- 	 A	
ﬀﬁﬀﬁ
w9 E	#4@F
	--"#E"I$;  	
ﬀﬁ $ 
	-Z"	
 ﬁ 	
ﬀﬁ
:;
	
" #2@F
	D0	
ﬀﬁﬃ#= Z"	
@(?9##2$ 	
ﬀﬁ4$.E!Z 	4U56	05!### d&?F A
ﬀﬀﬀye-(
+@Ft)( R 
E, ﬀﬁ E!Z 	ﬁ"ﬀ!ﬁ# #7 <;	 $ ?3/ﬁ?0.0!ﬃ\dB0= ?DF Aﬀﬀﬀye-(
; = $ ' _2(f' *0& 9 (   ﬁ   K ﬃ (:*0' ﬃ 3  (* _ﬁ 'D  9  9 _N! ; ﬀ 9
, ﬀﬁ4 	
!#+"ﬀ	"	
ﬃ$2	
ﬀﬁ4? ﬁ4?0.0uﬃU;"_ 
ﬀﬁ=' +@(W)(+*"ﬁ
	%$2	
ﬀ 1 5!
	 

	
ﬀﬁ 	h"## AL	
ﬀﬁ 
ﬀ $&	l@F
	rAﬁ)	
ﬀﬁ 	
5	2*, 5#T1!(;, ﬀﬁ $_ﬁ"	
!#,	h " 	
##
='	
ﬀ	
ﬀ
	#@F"4
@F!#9ﬁ>	
ﬀﬁ<-#ﬀ!:; 	= 15s=  
55#ﬁ>	
ﬀ4 
ﬂ
7(
_O       
                    
+@Ft)(+* 
 ? ﬁ4?0.0uﬃ) 	
!#2"ﬀ	"	
\dB0= ?DF Aﬀﬀﬀye-(
, ﬀﬁ 	 "##D"ﬁ

	 $)	
ﬀﬁ0?9
ﬂ
,h0	"	-Z,FA%	
ﬀﬁ0Z 	
ﬁ
	-ﬁ /

*,;,
>='	"ﬀﬁ $& 	)ﬁf yﬁ 	 !
""E	
# 5	)	
ﬀﬁ Z@F	# 
@F!#43aW9  ﬁ 3aEﬃ
*, ﬁ 	
ﬀﬁ 7 :;#	@;
ﬂ
^ ^l D3a?0 (j(@, ﬀﬁﬃ#	
5#-DZﬃ4"ﬁ"	f	>	
ﬀﬁ	ﬃ"## :E7>	
ﬀﬁ
ﬀﬁ
w9  	#9ﬁQ:;
	
" #%ﬀ $_	@F
	( , ﬀﬁ-ﬀﬁ
w9  	# @F
	ﬀ!U$&!" "#,".$Z d
ﬂ
^@ ZH  %
ﬁ
ﬂ
^@ L:H  %ye9ﬁ>	
ﬀﬁ4" 	
#2
@F!# ^+* D(
ﬂ
$.%#ﬁ4
<,ﬁ"ﬀw9r	
@(G,= 1$ 	
ﬀﬁ !"4"#E"I$,
d
ﬂ
^@ ZHﬃﬁ
ﬂ
^@ L:He 5 :,4	
ﬀﬁ) 4"#,".$>
@F!# ﬁ	
ﬀﬁ4	
ﬀﬁ%	!= d
ﬂ
^ ' ﬁ
ﬂ
^@ L:Gye 
	
ﬀﬁ4"5#  	 $ 	
ﬀﬁ (G, ﬀﬁ4 	$ 5TD# 	2$; ﬁ4$_##h"#E"I$ "<,"#FA!u( ﬀ(Aﬁ	!=  "#,".$ Z@;
5s5TD#u(, ﬀﬁ-@F
	U	E<y#= 
@^ 4*,(
ﬂ
(;ﬁ ﬀﬁ ^h*  (
ﬂ
@;EUﬀ@FﬀlA 	
ﬀﬁ-@F	U
#  ﬁ0 
@F#U	D
	
	D
ﬀ $&	
@-=' 0	
ﬀﬁU@F
	(L, ﬀﬁU:;
	
" #2@F
	DD" 	
##
 < 	!= 1-DZ	
!# "#E"I$,rA *  (
ﬂ
ﬁ =
ﬂ
^@ dX$&  
<,ﬁ"ﬀw9r	
0ﬁ :;
	
" # "#E"I$e-(  *  (
ﬂ
ﬀ!  "	
:; #= 
		4ﬁ 	%'5# ﬁ"):;
< $& ﬀ(, ﬀ 5# '55!@ 	 ='	
ﬀﬁ
:;
	
" #2@F
	D <	
"I$E@ $ =
ﬂ
^@ A6u( ﬀ(Aw @F#ﬃ56F
	
:;U5#U=
ﬂ
^@ ZD = $
	
ﬀﬁ')#	
5#-D $.  	  	(, ﬀﬁ " 	
#C@F!# 3a *, ﬁ 3 9   $. 	
ﬀﬁ'#ﬁ'	
ﬁ  $&ﬁ"	
f$ 	
ﬀﬁﬃ)#	
5#-D()3a *, Df"	
:;Uﬀ@Fﬀ "#E"I$ 	
	
@##2$ 	
ﬀﬁU5TDZ#
v	
ﬀﬁ-#"	 = 		
ﬀﬁ :;#	@;>	U < =3  *,L(;0 $ 3   Uﬀ@FﬀQ	
ﬀﬁQ:E0
@F!#U$&
	
ﬀﬁD"
 	'= 	
ﬁ $.
-	U	
ﬀﬁ:;
	
" #wﬁ A='ﬀ"ﬀ5	 	U	
ﬀﬁﬀﬁ
w9  	#l@F
	(
0=y	

lA2	
ﬀﬁ ﬀﬁ
w9  	# @F
	" 	
## E< 	
ﬁ

 @ 	)5,Zﬁ"U5	ﬃ
@F!#ﬃ	 	
ﬀﬁ
	
5	*, 5#T1!(
, ﬀﬁ)	=  7	
ﬀ!	" 06ﬃ2V ﬁ
	 $.	
ﬀﬁ*, 5#T1! A_: 0 D*BLE,G ﬁ =D3a *,L(
: 0 *BE,G 	
ﬀﬁﬃ:;#	@;U@ 	$ 	
ﬀﬁ[OJ5##Tﬃ 5Oﬂ";ﬃ=;, $&	
ﬀﬁ *, 5#T1!4ﬁ4: 0 *"Eﬁ 3 
	
ﬀﬁ1"1:;#	@; $%	
ﬀﬁ<";ﬃ=;,L(, ﬀﬁ 
56vﬁy	
ﬀﬁ1Z<,!" # @; $%	
ﬀﬁ 	U"##'*, " 
s>2V ﬁ
	 E< "ﬀ!@F@ : 0 *BE,G (=D3a *, 	
ﬀﬁ>	:;#	@; 55# 	 	
ﬀﬁ $_## 
 <
Z
@	
ﬀﬁ 	)56	
@( 9#	
ﬀﬁ@Fﬀ -DZ	
!# ""	"  # 6ﬁfﬁ	 y$%	
ﬀﬁ1	
5	
 
  
        >          ﬁ       _`
(
cl /2[ & 

@
cl cB4/ & Z  cB/2[
@
.- cB4/ 2 Z 		
k_p
=D D  ,G:   *)(+ *)(+*  @F	#"+=  *E55#<;A
ﬃﬁ
	%6 ≤ = D  
=4** )(+ )(+ )(+
/08  4*,83: )(+ )(+ )(+
=D  a ,G:   *)(+ *)(+* 9!#@ ﬁ>5	 5	"	

ﬁ	= >$>56= 9
55#<;A
ﬃﬁ
	%6 ≥ ##l	
ﬀﬁ%:;#	@;
 4*,83: )(+
 3 30 ( )(+ )(+ZA+*)(+ *)(+*

	
5	5#T1!9#"	

ﬁ 5#T1! Z :;#	@;
ds*)(+ 

kf"ﬀ5 5#T1!fe
ﬂ
^^l D3 30 ( )(+ )(+ *)(+*
4
cl  Z [ p 
k
:S0  *"

ﬁ  3 ,G:   *)(+ *)(+*
: 0 *BE,G )(+ &)(+* *)(+*
ﬂ

E	9"E	
#l$.'	 "##
=3  *, )(+ )(+*U	 Hﬀ(+ *)(+* "_
ﬂ
 7':;#	@;4@;
,h#t)(wH 
 (9!#: 7= #	@;%$&'	
ﬀﬁ)?3/ﬁ?0.0!ﬃ<dB0 ?DF Aﬀﬀﬀye-(
*, 5#T1!  < 
@>	
ﬀﬁ D3a?0 ( 
@F!# A6	
ﬀﬁ#7	
	D455# $.

/ Bﬀﬀﬀ-")1ﬁ@F	

6" ﬁ4$+	' )Z:F 	@;ﬁ ﬁD55s
	
(Eﬁ ﬀﬁ	
ﬀﬁD 	
!#2*, 5#T1! 56	 A!##
	
ﬀﬁ 	
5	 5##v5y < ﬁ@0v-DZ	
!# 

	ﬃ)	5 :,  55sﬃ74$.4	
ﬀﬁ
5#T1!(
, ﬀﬁ # $lﬃ=
 $_ 	
ﬀﬁ95#T1! " 16'w9   <	

@U	
ﬀﬁ  kZ
@ﬃ 	@FFﬃ
	
 :E7 	
ﬀﬁ43aW9  
@F!# A ='ﬀ"ﬀ0  ﬁ 	
ﬀﬁ4@ 	)$ 	
ﬀﬁ4	"##+""3";ﬃ=;,  5## OJﬀ@FﬀO
='ﬀﬁ1ﬁ	 Uﬁﬀ(, ﬀ ,""E='ﬀﬁ	
ﬀﬁ'3 9  5	 "#,".$U OJ#=tOA;ﬀﬁﬁ"'Z"ﬁ"	
@ﬃ##ﬁ$C	
ﬀﬁ
"#0ﬁ $_ 	
ﬀﬁ4@ 	U$ 	
ﬀﬁU*, 5#T1!(3, ﬀﬁ4@ 	]='## 645## 50:,7	
ﬀﬁ]: 0 D*"ﬁ 3
7 5	(
5

5   >9
KU()  
	  3" 3>F!ﬃ 5  	3
, ﬀﬁ- 	
ﬀ 	
5	U E:F#7# $&ﬃ	
ﬀﬁ1"ﬀ5lAE='ﬀ"ﬀQ" v61"E	
## :E7 	
ﬀﬁ1 	
5!	
	
ﬁ(W0  	
ﬀﬁ	
ﬁﬀﬃﬂﬃ##lﬁ	 	>	#<-ﬁ "ﬀ!ﬁ#l56 E!Z 	(W0=$ 	
ﬀﬁ
"ﬀ5ﬃh	l	! "#
%$&('*)+-,.$0/12ﬁﬀﬃﬂ 	
ﬀﬁ ﬁ	'h
5 ﬃ"Fh## 	
ﬀﬁ 	
5	h"ﬀ!ﬁ#+$	
ﬀﬁ
	"	 A!! #<>@Fﬀ 	%56  !ZE	(W "ﬀ	
5	%5r:E9ﬁ	U$_ H_O "ﬁ"	
:;4"#ﬁ(
, ﬀﬁ3 "
4$('56$./78ﬂ9ﬁﬀ:ﬂ 
#7 	4	
ﬀﬁ5:Eﬁ ﬁFA,-DZ"5	 	
ﬀﬁﬁ	 $&  "ﬀ-#E"I$
$WH_Oﬃ"#ﬁ  "<Z"#" ##<1
ﬀ $&	 	)	
ﬀﬁ ﬁ-DZ	 	
5	 ﬁ(;0= ﬁ
1#s56	
-$

/K BL?ﬀﬀﬀ
	
ﬀﬁ "
4$!(');-,<$0/18ﬂ>=ﬀ:ﬂU5J$&
 6" ﬁﬃ$ 	ﬀ@Fﬀ 
56`(a, ﬀﬁU	
5	D E
 " 	
##  <U	
ﬀﬁ%Z@F	#ﬁ5	

H%ﬁ

ZAy='ﬀ"ﬀ " s'	 	 	
ﬀﬁ'	
7#w9r	
 $6	
ﬀﬁG='ﬀﬁ#
 	 5,"ﬂdB,h@(')(+ye-(L, ﬀﬁﬃ!".$,@Fﬁ #	='##h6) "ﬀﬁ  ;ﬃ !ﬁ 1@F@\='	
ﬀ
? /ﬁ?0.0!ﬃ 
 <0

/K BL?ﬀﬀﬀ-y $.5= "ﬁ(1*,
ﬃ$ 1@;ﬃ	
ﬀﬁJ$&   	
"ﬀ:; 
.1" 	
S/N
AZ)	  :;
<56
	 	 	
ﬀ!	 	
ﬀﬁD
< "  6%  	U='	
ﬀ 1#w 
	
 ﬀ( , ﬀﬁ-1#%E	@F	
 	
 -@F:; E<y	
ﬀﬁ>Z	
 	
 >$ 	$& 0"5#	
$& FA='ﬀ"ﬀ  	
ﬀﬁ- $9ﬁ-"ﬁ $.##  	 ,(, ﬀﬁ>-:;#' 	
&ﬀ       
                    
?
p
b
@p
@
Z +/

?F> ?
E
*E@F#

	
5	9/0, H 
 @Fﬀ 	

	
5	 Aﬁ89ﬁ
ﬀ "L1 / ,  
 @Fﬀ 	

	
5	 AC*Eﬀ "L1 / ,  H
,+#t)(+ 


	
5	/ ,
ﬂ
 	
# *E@F!# $&9?3/ﬁ?0.0!ﬃ<dB0  ?DF Aﬀﬀﬀye-(
 E%$& #D$&

/K BL?ﬀﬀﬀ1	  ﬃ$2	
ﬀﬁ 4ﬁ#< $.9@Fﬁ
@ $&ﬁ"	
@(S, ﬀ
"	
\='##l"
64##6$+	
ﬀﬁD , -	#( +
	 = D@F:;4  :;
:,5= >ﬀﬁ= 	
ﬀﬁD 	
5E"ﬃ$%	
ﬀﬁ ?3/ﬁ430.0!ﬃ>;"_ ﬃ
@ w9 `(4, ﬀﬁ =  5 		
ﬀﬁ  	 EU$ 	
ﬀﬁ1;"_
='ﬀ"ﬀ = 4	6D5#  	$&'	
ﬀﬁ)5s	
$2	
ﬀﬁ

/ Bﬀﬀﬀ)(
; ; = F 8 '2(f*+&  2*0ﬃ ﬃ   f /1
D_    _K_(
, ﬀﬁ ?3/ﬁ430.0!ﬃﬃ"ﬀ5  #	%5> #"	

" ##<-ﬁ56ﬁ 	 !ZE	9ﬁ>	
ﬀﬁ<> " 	
##
5!###u(, ﬀ   ﬁ'	
ﬀﬁ Eﬁﬁ"D$h	
ﬀﬁ "E	
# 
@F!#'E	'	
ﬀﬁ? /ﬁ?0.0!ﬃ4"ﬀ5 <1	
ﬀﬁD 	
#"	
"-" 	ﬁ>  	 5!	
	 #<Q$.1ﬁ  !ZE	-ﬁ 	
ﬀ  ﬁﬁ" Z
	

	
 ﬃ#	
5#-DZ 	y "ﬀ E!Z 	  5!###u(g, ﬀﬁJ$.FA'	
ﬀﬁ !""ﬀﬁ  $)  	  ,
"ﬁ

	 $+ﬃ	'ﬁ  	%$+)$_##  !ZE	 ﬁ ﬁ	 	
ﬀﬁ?='ﬀﬁ# 
<y(W, ﬀﬁ95# E		
ﬁ
$'## 	
ﬀﬁ 	4 ,ﬃ! y	
ﬀ4@;ﬁ# "ﬀﬁ $.4 "ﬀ  !ZE	 A+ﬃ
ﬀﬁ='fy	
ﬀﬁ
	
@Z7@F ﬃy+@;(o)(PM ﬁ	)( J( ?9FA 	
ﬀﬁ$&  
<,ﬁ"ﬀw9 1@F!# A " ##y *  (
ﬂ
A6ﬀ!
 5#\d_ﬁ@ 	
:;U#@F"e 6J$&
	
	
@-	
ﬀﬁﬃ 	4$ 	
ﬀﬁﬃ$_ FAsﬁZ" 	
@>	s@F@(t, ﬀﬁ
#ﬁ)
<,ﬁ"ﬀw9 ﬃ
@F!# A!" ## ^h*  (
ﬂ
Aﬁ 	9ﬀ@Fﬀ d_56F
	
:; #@F"e9	%	
ﬀﬁ46@F@ $  "ﬀ0=4A
='ﬀ"ﬀ-
ﬀ $&	 	
ﬀﬁ%:;
	
" #6
ﬀ $&	 @F
	Ld&
#= Z"	
 e ﬁ ##=% 	)" 1	
ﬀ@Fﬀ 	
ﬀﬁ #ﬁ  	
ﬀﬁ
:;
	
" #lZ"	
@(, ﬀﬁ5TDZ#w"#,".$Z
ﬂ
^@ ZHFA
ﬂ
^@ L:HFA
ﬂ
^@ 'ZAﬁﬁ
ﬂ
^@ L:GD"#,".$,@	
ﬀﬁ9:;
	
" #

ﬀ $&	'@F
	]dX$ 
	%Z"	
 eJAC" @ 	
ﬀﬁ)"	
!# = Z  <-	
ﬀﬁ ﬀﬁ
w9  	#+@F
	(U, ﬀﬁ
#@;
	
ﬀ 5#  	
@ 	
ﬀ%!"D	
@ " >6='
	
	0 

1. once FSYNC & LSYNC & RESET
2. 1024/128 times Pixel CLK & SCON
3. 1022 times FSYNC & LSYNC & jump to step 2.
4. 1024/128 times Pixel CLK & SCON
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dark current subtraction averaging frames to create
noyes
a pixel−to−pixel sensitivity map
correction of flatfielded frames
multiplicative pixel−to−pixel
science frames for photometry
multiplicatively corrected 
frames
containing only additive patterns
averaging frames to produce a map
map for fringe patterns
subtracting of the
mirror reflection
reflection?
mirror
eliminate fringe patterns
additive correction to
pixel−to−pixel sensitivity
map of the detector
background fitting and
subtraction
structure?
yes no
flatfielded images
dark−current−subtracted images
noyes
smoothed flatfield
mirror
dark image
variation due to detector sensitivity
flatfielding to eliminate the global
flatfield  frame
reflection?
subtracting of the
mirror reflection
raw images
bad−pixel−masked images
bad pixel mask
flatfielded images
flatfielded images
bad pixel masking
averaging images to create
a flatfield  frame
flatfield frame
smoothing and clipping to create
flatfield frame with global var.
quadrant
pixel−to−pixel sensitivity map
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